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© Apparatus for recording and reading an optica! disc, having reduced offset in Its tracking error 
signal. 



© Push-pull type tracking error signal produced by invention can be simple and inexpensive, because 

the reflected light from pits in ID area (11) of an no high frequency must be outputted therefrom. . 

optical disk (1) Is averaged and sampled by a period 

while the spot (SP) scans the ID pits, and is held for 

each sector, thus named as a first sampled tracking 

error signal (Ste). The tracking error signal is also 

sampled while the light is scanning over a vacant 

zone having no pit in a data area, thus named as a 

second sampled tracking error signal. This vacant 
^zone to be sampled is located either before or after 
^a sequence of data bits in each sector. The first 

sampled tracking error (Ste) signal is smaller than 
® the second sampled tracking error signal, because of 
^the AC component therein produced by the pits. 

Thus, when an offset of the tracking exists, though 
^ the tracking error signal is almost zero by the servo 
CNJ control, the first sampled tracking error signal is not 
^zero. Therefore, difference of two tracking error sig- 
nals indicates amount of the offset. This offset signal 
H.(Sto) may be visually monitored (83) for adjusting 
^the offset of the apparatus, or may be fed back for 

the tracking servo. The invention can be applied to a 

disk format having no mirror mark, the circu it of the 
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APPARATUS FOR RECORDING AND READING AN OPTICAL DISC, HAVING REDUCED OFFSET IN ITS 

TRACKING ERROR SIGNAL 



BACKGROUND OF THE INVENTION 

Reld of the Invention 

This invention relates to an apparatus for read- 
ing and/or recording a digital information on an 
opticar disc,' and- more particularly to an improve- 
ment for reducing residual offset caused by a 
skewed disc, etc. in tracking error signal detected 
by a pair of light detector in symmetry with respect 
to the centre of a spiral or coaxial track of the 
optical disc. 



Description of the Related Art 

An optical disc on which a coaxial or spiral 
track(s) is arranged to record bits of digital informa- 
tion therein has been intensively developed as an 
extemal memory media of digital computers. There 
are many types of format of the tracks, but a single 
track (one circulation of the track) includes typically 
seventeen sectors. Typical sector formats which 
are now under discussion for a standard of the 
industry at Ad hoc committee are shown in FIGs. i . 
In the format of FIG. la, a groove, called a preg- 
roove, is provided between adjacent tracks, and the 
bits for recording data are between the pregrooves, 
thus this is called "on-land recording*. In the for- 
mat of FIG. lb, a pregroove is provided on a 
portion where the bits are to be written-in, thus this 
is called "in-groove recording". In either format, a 
sector typically containing 1360 bytes is consist of 
a data area il having 1307 bytes and an ID 
(identification of the sector) area 12 having 53 
bytes. The ID area 12 is consist of a preformat 
area 12-1 and a mirror mark 12-2 which has no bit, 
no groove, but spends one byte space. Bits of the 
preformat area are installed in pits form together 
with the grooves on the disc when the disc is 
manufactured. As for the mirror mark, the explana- 
tion shall be made later on. There is no bit in the 
data area 1 1 until the data bits are written therein 
for recording, therefore the bits are shown by dot- 
ted circles in FIGs. 1. Before beginning as well as 
after ending a sequence of the data bits in the data 
area 11, there are generally provided a vacant zone 
ir and IV respectively, having no bit thereon and 
is as long as 20 micro second (referred to 
hereinafter as us). 

Radial pitch of the tracks is so small, typically 
1.6 micron metre (referred to hereinafter as um) 
and the the rotation of the disk may be eccentric 



as much as several tens to a hundred micron 
metres, that, in order for the light spot SPi to 
always capture. i:e. to trace, the centre of the track, 
a servo mechanism is provided. A typical configu- 

5 ration of a prior art optical pick up and its servo 
mechanism is schematically shown in FIG. 2. A 
light produced by a semiconductor laser 21 is 
focused by a collimator lens 22 and an object lens 
24 so as to locate a light spot SP1 on to the centre 

w of the track. Reflected light from the spot SP1 is 
further reflected by a polarization light splitter 23 to 
focus a spot SP2 on to a light detector 3, which is 
consist of two symmetrical photo detector ele- 
ments. A and B. Location of the light detector 3 is 

IS set so that the centre line of the track is focused to 
coincide with the border line of the two elements. A 
and B. Difference of output levels of the two ele- 
ments, A and B, is detected by a differential am- 
plifier 4, whose output Ste indicates amount and 

20 direction of the tracking error, which is a deviation 
of the light spot SPI from the centre of the track. 

Characteristics of the tracking error signals are 
hereinafter explained, referring to the in-groove re- 
cording of RG. lb. in RG. 3b having no offset, the 

25 amount of the tracking error signal is shown for 
variable deviation of the light spot SP1 from the 
centre of the track. Tne solid line indicates the 
tracking error signal Ste at the pregroove area 1 1 
having no data-bits therein now, as well as the 

30 dotted line indicates the tracking error signal at the 
preformat area 12-1 having preformat pits thereon. 
Because of no offset in this case, the zero points of 
the two tracking error signals coincide with each 
other and with the centre of the track. This tracking ^ 

35 error signal Ste is negatively fed back through a 
servo amplifier 5 to a tracking drive 25 of the 
tracking servo mechanism to adjust location of the 
object lens 24 or the entire optical pick up 2, etc., 
so that the tracking error signal approaches zero. 

40 This is the widely used push-pull method. How- 
ever, even when the spot captures the centre of the 
track, if the disc is skewed, or the axis of the lens 
is not aligned to the centre border, line of the light 
detector 3, or other adjustments are poor, there still 

45 may arise a tracking error signal, which is like a 
bias component in the signal and is called an 
offset. The offset is explained in RG. 4b. in which 
"D" indicates the offset in radial distance on the 
track, and Sos indicates the the offset in the track- 
so ing error signal Ste. Thus, the offset is represented 
by the amount Sos of the tracking error signal Ste 
when the spot is correctly located at the centre of 
the track, or in other expression, by the deviation 
"D" of the light spot SPI from the centre of the 
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irack when the spot is servo controlled so as to 
keep the tracking error signal essentially zero. Any- 
how, the zero point of the tracking . error signal 
including an offset component does not coincide 
with the centre of the track. Therefore, a tracking 
servo system controlled by only the above-men- 
tioned tracking error signal can not capture the 
centre of the track. 

Prior art techniques to compensate this offset 
and the problenns shall be hereinafter described. 
One of the prior art technique is disclosed to by T. 
Kaku et al. in the U.S. patent No. 4,663,751 and the 
unexamined Japanese patent No. Sho 61-280036. 
In these pubiFcations, the reflected light from the 
mirror mark 12-2 having no pit produces a tracking 
error signal which indicates to the degree of the 
offset, because the light spot at the pregroove area 
11 is servo controlled so that the tracking error 
signal approaches zero. Thus the tracking error 
signal at the mirror mark is utilized for compensat- 
ing the offset. However, the circuits referred therein 
must sample as short as 1.5 us mirror mark and 
handle very high frequency of more than 5 MHz 
produced by the preformat pits 12-1. Accordingly, 
the circuits, such as differential amplifier, adder 
circuit and sample-hold circuit, cause considerable 
increase of production cost as well as their occupy- 
ing space. Further more, this method can not be 
applied to a disc format having no mirror mark. 
Another prior art technique is disclosed by K, Tat- 
sumi et ai. in the unexamined Japanese patent No. 
Sho 61-8745 and Sho 61-13447. in these latter two 
publications, the reflected light from a flat portion 
between each preformat pit is sampled and utilized 
as a signal which indicates a degree of the offset. 
Circuits for sampling the portions between 5 MHz 
pits require higher frequency characteristics than 
that of the above-mentioned Kaku's circuit, accord- 
ingly the circuits must be very sophisticated, ex- 
pensive and bulky. Still another prior art technique 
is disclosed by Y. Tsunoda, et al in "On-land 
Composite Pregroove Method for High Track Den- 
sity Recordings" at a session "Optical Mass Data 
Storage ir of Proceedings of SPIE-The Interna- 
tional Society for Optical Engineering held on 18- 
22 Aug. 1986 at San Diego, California, in this 
report. Tsunoda proposed to utilize wobbled pits 
mark in the place of the above-mentioned mirror 
mark. Circuits used in Tsunoda's proposal also 
requires high frequency characteristics of several 
MHz, thus the circuits must be very sophisticated, 
expensive and bulky, as well. 



SUMMARY OF THE INVENTION 

It is a general object of the invention, therefore 
to provide a servo controlling circuit which help 

5 compensate an offset in a tracking error signal 
simply and inexpensively. 

A circuit of the present invention has a first 
detection circuit which detects a difference of the 
two outputs of the photo detector elements and 

70 outputs the detected difference sampled and 
averaged by a predetermined period for each sec- 
tor. The predetermined period is chosen from a 
period during which the spot scans the preformat 
pits 12-1. The output signal is named as a first 

75 sampled tracking error signal. Signal level of a first 
sampled tracking error signal is lower than a sec- 
ond sampled tracking error signal which is the 
tracking error signal sampled at the data area hav- 
ing no bits therein, because signal level of the 

20 reflected light is lowered by the existing bits. If 
there is no offset, the first and second sampled 
tracking error signals are both close to zero, be- 
cause the spot is servo controlled so that the 
second . sampled tracking error signal approaches 

25 zero. When there is an offset though the spot is 
servo controlled to keep the second sampled track- 
ing error signal essentially zero, the first sampled 
tracking error signal still remains, thus the dif- 
ference of the first and second sampled tracking 

30 error signals indicates the amount of the offset. 

This offset signal may be utilized as a monitor 
- to adjust alignment of the apparatus, such as op- 
tical system or the light detector, etc., and also 
may be fed back compounded in the tracking error 

35 signal, thus the offset component is automatically 
compensated. 

The first detection circuit does not have to 
output high frequency component produced by the 
preformat pits, but only output its average level. 

.40 Therefore, the circuit can be simple and inexpen- 
sive. This invention is compatibly applicable to a 
disc format with or without mirror mark. 

The above-mentioned features and advantages 
of the present invention, together with other objects 

45 and advantages, which will become apparent, will 
be more fully described hereinafter, reference be- 
ing had to the " accompanying drawings forming a 
part hereof, wherein like numerals refer to like parts 
throughout. 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 

FlGs. 1 schematically show typical formats 
55 of a sector of an optical recording disc. 

FIG. 2 shows a . prior art tracking servo 
mechanism for an optical disc apparatus. 
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FlGs. 3 explain tracking error signal when 
the light spot is at the centre of the track without an 
offset. 

FlGs. 4 explain tracking: error signal when an 
offset is existing. 

FlGs. 5 explain tracking error signal when an 
offset is existing on another side of the track. 

FIG. 6 show a principle block diagram ot the 
present invention, 

FIG. 7 shows a principal block diagram of 
tfie present invention when the offset signal is 
compounded in the feed back signal of the servo 
control. 

FIG. a schematically illustrates a circuit con- 
figuration of an embodiment of the present inven- 
tion, 

RG. 9 explains a wave form produced when 
the tracking error signal is detected. 

FlGs. 10 show timing charts of the circuit 
embodying the present invention. 

FIG. 11 schematically illustrates a circuit to 
be added to the .circuit of FIG. .8 in order to 
automatically compensate the offset, 

. DESCRIPTION .OF THE PREFERRED EMBODI- 
. MENTS ' . , 

A block diagram of the principle of the present 
invention is shown in FIG. 6. The light detector 3 
has photo detector elements, A and B, and the 
centre line of the track in the reflected light spot 
should be adjusted to fall onto the^ border line of 
these two elements A and B. The numeral 6 de- 
notes the first detection means which detects dif- 
ference of .the outputs of the two photo elements 
and outputs the detected difference sampled and 
averaged by a period while the spot scans the 
Preformat pits. This output signal is the first sam- 
pled sampled tracking error signal. The numeral 7 
denotes the second detection means which detects 
difference of the light detector's output signals, 
sampled . by a period while the spot scans, an area 
in the data area but before or after the end of a 
sequence the data bits of the previous sectors. 
This output signal is the second sampled tracking 
error signal. The numeral 8 denotes the third de- 
tection means which detects the difference of the 
first and second tracking error signals. 

Practical circuit, embodying the principle block 
diagram FIG. 6 of the present invention, for moni- 
toring the amount of the offset is shown in FIG. 8, 
as well as the timing charts in FIG. 10. A differen- 
tial amplifier 41. a low pass filter 43 and a first 
sample-hold circuit 61 compose the first detection 
means 6. Again, a differential amplifier 41, the low 
pass filter 43 and a second sample-hold circuit 71 
compose the second detection means 7. Each out- 



put signal from photo element. A and B, of the light 
detector 3 is inputted to each input terminal of the 
differential ampHifier 41, whose output is a dif- 
ference of the input signals. When the spot scans 

5 over an area having bits, such as the the preformat 
pits, the signal in the reflected light includes ap- 
proximately 5 MHz component produced by the 
pits as shown by a solid line in FIG. 9. However the 
present invention utilizes its average, which is 

70 shown by a dotted line in the figure, as well as 
slowly changing signal at the pregroove area, 
which does not contain a high frequency compo- 
nent Therefore, a low pass filter 43 having a cut off 
frequency of 100 kHz, for example, is provided to 

15 the outjsut terminal of the differential amplifier 41, 
and caputs a tracking error signal Ste as shown in 
FIG. 1 0b. The tracking error signal Ste is negatively 
fed back, to a tracking drive 25 through a phase 
compensation circuit 42 and a servo amplifier 5 by 

20 a well known servo technique. Each of the sample 
hold circuits 61 and .71 samples the tracking error 
signal Ste from the differential amplifier 41 through 
the low pass filter 43 only during the period re- 
spectively specified by the timing generator circuit 

25 103, and each outputs the inputted signal level 
constantly held until a next sampling is instructed. 
An output from the first sample-hold circuit 61 
named as a first sannpled tracking error signal (FIG. 
lOf). and an output from the second sample-hold 

30 circuit 71 named as a second sampled tracking 
error signal (FI(3. 1 0g). are inputted to a differential 
ampfifier 81. whose output is delivered to a display 
, device 33. through a low pass filter 82. The dif- 
ferential amplifier 81 and the low pass filter 82 

35 composes the third detection means 8. 

. Operation of the circuit shall be hereinafter 
described. As explained earlier, when the light spot 
SPl runs without any offset as .shown in FIG. 3a 
directed by an arrow mark along the centre of the 

40 track, where the pregroove 11 has no data-bit 
therein yet. or no data written in yet, the tracking 
error signal outputted from the pregroove area 11 
is shown by a solid line "a* and the tracking error 
signal outputted from the preformat area 12-1 is 

45 shown by a dotted line "b" in FIG. 3b. where the 
abscissa shows .deviation of the spot from the 
centre of the .track. Level of the tracking error 
signal Ste from an area having bits is smaller than 
that of . the tracking error signal from the pregroove 

50 area, because the reflected light is reduced by the 
AC component produced by the existance of the 
bits. If there are data bits already written in the 
pregroove 11. level of the tracking error signal 
therefrom also becomes smaller like that from the 

55 preformat pits, depending on the written bits there- 
in. However, the spot can be still servo controlled 
by the either signal from the pregroove with or 
without the data bits, through the phase compensa- 
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tion circuit 42. the servo amplifier 5. and the track- 
ing drive 25 so as to keep the centre of the track 
along the pregroove 1T,. therefore as seen in FIG, 
3c, the levels of these tracking enror signals, "a" 
from the pregroove area and "b" fronn the Prefor- 
mat area, are almost zero through a sector. The 
phase connpensation circuit 42, as widely used, has 
a peak of its frequency characteristics at. for exam- 
ple 3 kHz, for accomplish a stable feed back loop 
by preventing a self oscillation of the loop. 

When the apparatus has an offset by some 
reason, the light spot is deviated, for example, to 
upper side from the centre of the track as shown 
by SPI in RG. 4a. The spot SP1 is servo con- 
trolled by the tracking enror signai "a" while the 
spot runs along the pregroove t1, thus the level of 
the tracking error signai "a" is kept almost zero as 
seen in" FIG. 4b and RG. 4c by the same servo 
mechanism as of FiGs 3. When the spot comes to 
scan over the preformat pits 12-1. the tracking 
error signal Ste becomes "b" departing from zero 
as shown in FIG, 4b and FIG. 10b. This is because 
the spot which is electro-mechanicaily driven can 
not follow the sudden and short change of the 
tracking error signal Ste. where "b" is about 50 to 
60 us. in other words, the spot runs on an exten- 
sion line from the spot motion along the pregroove 
11 by the inertia of the electro mechanical optical 
device, even though the preformat pits 12-1 pro- 
duce their own tracking error signal "b", which 
should servo-drive the spot The amplitude of "b" 
is smaller than that of "a", however is proportional 
to the level of the tracking error signal which 
should appear if having no pits thereon. Therefore, 
the difference '/>^V of the tracking error signal "b" 
at the preformat pits 12-1 and the tracking error 
signal "a" at the pregroove area 11 having almost 
zero level owing to the servo -mechanism can in- 
dicate the amount of the offset as shown in FIG. 
4c, The present invention is characterized to utilize 
this difference derived from the average track- 
ing error signal from the preformat pits as an 
indication of the amount of the offset, in order to 
calculate this difference, a first sampled tracking 
error signal is obtained by sampling the tracking 
error signal Ste (of FIG. IQb) with the sample-hold 
circuit 61 during a period within a while the spot is 
scanning over tne preformat pits 12-1. This period 
is specified Sampling for obtaining a second sam- 
pled tracking error signal is carried out as well by 
the sample-hold circuit 71 during a period at a 
vacant, i.e. no data-pit. zone 11' provided after the 
end of the sequence of data bits in the previous 
sector's pregroove. This is because this zone is 
always vacant regardless to the existance of data 
bits. After the differential amplifier 81 calculates 
and outputs the difference StG'= ^ of the first 
and second sampled tracking error signals, its out- 



put signal level is held constant, but renewed by 
each sector, as shown in FIG. 4d and lOh. The 
offset generally changes slowly, for example by a 
cycle of the rotation of the disc, and on the other 

5 hand, a sfngie circle of the track has typically 17 
sectors. Therefore, the change of the offset through 
a single sector having only 360 7 -21'' is prac- 
tically small enough to be considered as negligible. 
This is also the reason why the tracking enror 

ro signal sampled at the previous sector can be used 
for servo controlling the spot through the current 
sector. The low pass filter 82 is provided to the 
output terminal of the differential amplifier 81 for 
removing spikes and smoothing its transitions pro- 

7S duced in the offset signal Sto' for each sector, 
typically having a cut off frequency of 30 Hz. An 
output signal, namely an offset signal. Sto (FIG. 
lOi) from the low pass filter 82 may be displayed 
by a display device 83, Thus optical system as 

20 well as the tracking system of the apparatus can be 
adjusted by monitoring the display 83. 

The output signals from the elements. A and B 
of the light detector 3 are summed by an RF 
amplifier 101 in order to obtain pulse signals cor- 

25 responding to the pits. The output of the RF am- 
plifier 101 is delivered to a signai processing circuit 
102. The signal processing circuit 102 recognizes 
timing and other information from the pulses of the 
pits of each sector, and delivers a sector mark 

30 information (RG. 10c) to the timing generator cir- 
cuit 103, as well as transmits the readed-out data 
to outside. According to the sector mark informa- 
tion, the timing generator circuit 103 produces and 
delivers sampling pulses Ssl (FIG, lOd) and Ss2 

35 (FIG. lOe) to the sample-hold circuits 61 and 71 
respectively, as described eariier. Pulse width of 
the sampling pulses is typically 5 to 6 us, however 
- this amount can be arbitrarily chosen as long as 
the sampling is well accomplished, because the 

40 width of the vacant zone 11' or 11' and the ID pits 
of the preformat area 12-1 are 20 and 50 to 60 us. 
respectively. 

• The offset signal Sto obtained from the dif- 
ferential amplifier 81 through the low pass filter 82 

45 may be compounded with the tracking error signal 
Ste arid delivered to the servo mechanism in order 
to automatically compensate the offset so that the 
spot captures the centre of the track, as shown in 
principle block diagram in FIG. 7. where the nu- 

50 meral 9 denotes a signai composing means. Prac- 
tical circuit of the signal composing means 9 is 
shown in FIG. 1 1 . where the numeral 84 denotes a 
phase compe.nsation circuit having a frequency 
peak at much lower frequency, for example 3 kHz. 

55 than that of the phase compensation circuit 42, 
thus allows a stable operation of the tracking servo 
mechanism. The numeral 91 is an adder circuit, 
which composes the signal composing means 9. 
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receiving the . phase compensated tracking error 
signal from the phase compensation circuit 42 and 
the offset signaJ Sto from the differential amplifier 
81 through the low pass filter 82. The adder circuit 
91 compounds, tinese inputted two signals and out- 
puts a compounded tracking error signal Ste', 
which is delivered to th.e servo amplifier 5. In other 
words, the circuit shown in RG. 1 1 is added to the 
circuit of FIG. 8. Then, not only the offset having a 
DC component produced by, for example, a skew- 
ed disc, but also other slowly, changing offset hav- 
ing an AC component for example approximately 
3Q Hz, can be well compensated. 

When the offset is on lower side of the track, 
the operation is shown in FlGs. 5. where the signaJ 
"b" is of opposite direction of that of RGs. 4. 
however explanation can be. made in a same way. 
- . Though in the above-described explanation the 
sampling for the second sampled tracking error 
signal is made after. the end of a sequence of data 
bits of the previous sector, it is also possible that 
the sampling, is made before the beginning of the 
sequence of the data bits of the cun-ent sector. 

As described earlier, the tracking error signal 
Ste of the present invention does not have to 
include a high, frequency component, such as 5 
MHz, produced by the bits, therefore,, the differen- 
tial amplifier 41 may be composed of a very avail- 
able, common, inexpensive operational amplifier, 
having frequency characteristics up to only 20 kHz, 
for example. In this case where the differential 
amplifier itself does not output the high frequency 
component- but outputs only its average of them, 
the low pass filter 43 may be omitted. 

Though the above-described explanation is 
made referring to the in -groove recording, it is 
apparent that the preserit invention is applicable to 
the on-land recording shown in FIG. la, as well. 

Though the above-described explanation . is 
made referring only to a pair of photo detector 
element A and B, it is apparent that the present 
invention is applicable to a light detector 3 having a 
plurality of pairs of the photo elements, such as 
four elements. 

As above-mentioned, according to the present 
invention, tolerance on assembling the apparatus 
as well . as tolerance for the enviromental conditions 
can be relaxed, and the servo gain of the tracking 
servo mechanism can be increased because of the 
improved residual tracking errors, without requiring 
a sophisticated, bulky and expensive circuit- And. 
this system can be applied to a optical disc having 
no mirror mark. Smaller ID area by omitting the 
mirror mark means larger data area available, re- 
sulting in higher capacity of the disc. 

The many features and advantages of the in- - 
vention are apparent from the detailed specification 
and thus, it is intended by the appended claims to 



cover all such features and advantages of the sys- 
tem which fall within the ti'ue spirit and scope of 
the invention. Further, since numerous modifica- 
tions and changes will readily occur to those skilled 
5 in the art, it is not desired to limit the invention to 
the exact construction and operation shown and 
described, and accordingly, ail suitable modifica- 
tions and equivalents may be resorted to, falling 
within the scope of the invention. 

70 

Claims 

1. An apparatus for optically writing as well as 
15 reading a digital information in a coaxially or spi- 
. rally formed track on an optical recording disk (1). 
each track being divided into a plurality of sectors, 
each of which having an ID area (11) and a data 
area (12) along a guide groove, wherein a light spot 
.20 (SP) is focused on the track and a reflected light 
therefrom is detected by a, pair of light detectors 
(3), from whose outputs a data signal as well as a 
tracking error signal (Ste) is detected, and the 
tracking error signal (Ste) is fed to a servo control 
25 system in order to control a location of the light 
: spot (SP) so as to capture centre of the track, 
characterized by 

first detection means (6) for detecting difference of 
output signals* from, the light detector (3) and out- 

30 putting said detected difference averaged and sam- 
pled by a first predetermined period during which 
the light spot (SP) is scanning pits of the ID area 
(11), output signal of said first detection means (6) 
being a first sampled tracking error signal, holding 

35 a constant output level for each sector: 

second detection means (7) for outputting the 
tracking error signal sampled by a second pre- 
determined period during which the light spot (SP) 
scans a vacant zone in said data area, output 

40 signal, of said secorid detection means (7) being a 
second sampled tracking error signal, holding a 
constant output level for each sector; and third 
detection means (8) for. detecting and outputting a 
difference of said first and second sampled track- 

45 ing error signals. 

whereby output (Sto) of said tinird detection means 
(8) indicates an amount of an offset, which is a still 
existing deviation of the light spot (SP) from centre 
of the track though the light spot (SP) is servo 

50 controlled by the tracking error signal so as to keep 
the tracking error signal essentially to zero. 

2. An apparatus according to claim 1. further 
characterized by 

signal composing means (9) for compounding said 
55 .offset signal (Sto) outputted from said third detec-. 
tion means (8) witii the tracking error signal (Ste). 
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said compouncrsd signal (Ste') being fed back to 
servo-control the- light spot {SP), whereby an offset 
component in thte tracking error signal is reduced. 

3. An apparatus according to claim t or 2, 
characterized irn that said first detection means (6) 5 
includes amplifier means for low frequency band 

so as to output an average level of difference of 
outputs of the pair of the light detector (3). 

4. An apparatus according to any one of claims 

1 to 3, characterized in that said first detection ro 
means (6) is composed of: 

differential amplifier means (41) for detecting dif- 
ference of outputs of the pair of the light detector 
(3) and outputting an average of said detected 
difference, and first sample-hold means (61) for rs 
holding and outputting an output level of said dif- 
ferential amplifier means (41) of a first predeter- • 
mined period for each sector. 

5. An apparatus according to any one of claims 

1 to 4, characterized in that said second detection 20 
means (7) is composed of: 

differential amplifier means (41) for detecting dif- 
ference of outputs of the pair of the light detector 
(3). and second sample-hold means (71) for hold- 
ing and outputting an output level of said differen- 25 
tial amplifier means (41) of a second predeter- 
mined period. 

6. An apparatus according to claim 4, further 
characterized by 

first timing generator means (103) for recognizing 30 
signals of the ID area (11) and delivering said first 
predetermined period (Ss1) to said first sample- 
hold means (61). 

7. An apparatus according to claim 5, further 
characterized by 35 
second timing generator means (103) for recogniz- 
ing signals of the ID area (11) and delivering said 
second predetermined period (Ss2) to said second 
sample-hold means (71). 

8. An apparatus according to claims 6 and 7. aq 
characterized in that one timing generator means 
(103) delivers both said first and second predeter- 
mined period (Ss1, Ss2) to said first and second 
sample-hold means (61, 71), respectively. 

9. An apparatus according to any one of claims 4S 
1 to 8, characterized by 

display means (83) connected to an output terminal 
of said third detection means (8). whereby an 
amount of said offset is displayed thereon. 

10. An apparatus according to any one of so 
claims 1 to 9. characterized in that said third detec- 
tion means (8) comprises a differential amplifier 
means (81). 
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® Apparatus for recording and reading an optical disc, having reduced offset in its tracking error 
signal. 



® Push-pull type tracking error signal produced by 
the reflected light from pits in ID area (11) of an 
optical disk (1 ) is averaged and sampled by a period 
while the spot (SP) scans the ID pits, and is held for 
each sector, thus named as a first sampled tracking 
enror signal (Ste). The tracking enror signal is also 
sampled while the light is scanning over a vacant 
zone having no pit in a data area, thus named as a 
^second sampled tracking enror signal. This vacant 
^2one to be sampled is located either before or after 



a sequence of data bits -in each sector, The first ^ 



^sampled tracking error (Ste) signal is smaller than 
^ the second sampled tracking error signal, because of 
^the AC component therein produced by the pits. 
|iN»»Thus, when an offset of the tracking exists, though 
^the tracking error signal is almost zero by the servo 
Q control, the first sampled tracking error signal is not 
zero. Therefore, difference of two tracking error sig- 



LU 



nals indicates amount of the offset This offset signal 
(Sto) may be visually monitored (83) for adjusting 
the offset of the apparatus, or may be fed back for 



the tracking servo. The invention can be applied to a 
disk fonmat having no mirror mark, the circuit of the 
invention can be simple and inexpensive, because 
no" high frequency must be outputted therefrom. 
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